INTRODUCTION
During the course of Leg 40, the author served as shipboard geologist-geochemist with the responsibility of detecting evidence of petroleum genesis and making recommendations to the Operations Manager and Chief Scientists on whether it was necessary to suspend drilling to avoid penetrating a petroleum or natural gas accumulation and causing pollution. The shipboard methods used to accomplish this function and measurements and observations during the cruise are discussed in the Introduction and Site Reports of this volume. This subsequent section is based on shorebased MS-GLC analyses and characterization of both solid and gas samples collected during the leg. The primary objective of this study was to determine and describe the degree of thermal carbon diagenesis found in strata recovered on Leg 40.
ANALYTICAL METHODS
Gas was collected in vacuum cans from every core that showed evidence of pressure. Soon after receipt of these samples in our laboratory, their composition was determined by a gas chromatograph equipped with a hydrogen flame ionization detector. This unit permits detection of about I0" 6 the amount which could be determined with the shipboard gas chromatograph which used a matched pair of thermisters for the detector.
A Perkin-Elmer 900 gas chromatograph was used for the laboratory analysis. The valve on the vacuum can was connected to an evacuated Perkin-Elmer gas sampling valve fitted with a 1-cc loop. The sample was injected into a 3.8 meter × 3 mm 8-100 mesh Chromosorb 102 column and programmed from -70°C to 100°C at a flow rate of 40 ml/min of helium. The effluent was monitored with a hot wire and hydrogen flame ionization detector that were arranged in series. Nitrogen, oxygen, argon, methane, and carbon dioxide were detected with the hot wire detector and the higher hydrocarbon were detected with the more sensitive flame ionization detector. This technique also permits detection of butenes and pentenes although these were not present.
Carbon isotopic compositions were obtained on a Nier-type 35-cm radius, 90-degree sector isotope ratio mass spectrometer. Isotope measurements were made on the m/e-45 and m/e-44 ions using carbon dioxide as the working gas. Values are reported with the conventional per mil deviations (δ) from the C I3 /C 12 ratio of the belemnite (Belemnitella americana) from the Peedee Formation (PDB) of Cretaceous age. Instrument precision is ±0.05 per mil.
The 20-cc sediment samples were collected according to standard shipboard sampling procedures using care to minimize contamination while obtaining samples representative of the section penetrated. Carbonate and organic carbon contents were determined by combustion-gas chromatography. A weighted portion of finely ground sample was placed in a special quartz reaction-combustion tube and digested in dilute hydrochloric acid. The evolved carbonate-carbon dioxide was swept by a stream of helium through the combustion tube and water trap and collected in a liquid nitrogen-cooled trap. The carbon dioxide was then volatilized into a gas chromatograph for measurement.
The residual organic carbon was heated in a stream of helium and oxygen to oxidize it to carbon dioxide, which was collected and measured in the same manner as the carbonate carbon dioxide. A heated combustion tube packing assured complete oxidation of organic matter and removal of excess oxygen. Organic carbon samples were combusted to carbon dioxide for mass spectrometry in a vacuum system similar to that described by Craig (1953) . Oxidation was carried out at 925°C over a copper catalyst in an oxygen atmosphere. Sulfur oxides were removed by a hot manganese dioxide catalyst. Carbon dioxide was purified of water by differential freezing at -123°C. Gas components were separated by liquid chromatography prior to conversion to carbon dioxide. Figure 1 is an index map showing the geography and general bathymetry of the sites drilled on Leg 40. Data resulting from this study are provided in Tables 1  through 4 and Figures 2 through 6. The procedure followed for further geochemical characterization of these samples is shown in Figure 2 . The solvents shown on this flow chart were distilled in glass prior to use. Carbonate content, organic carbon values, and isotopic data along with sampling depth and stratigraphic age of the sample are provided in Table 1 . These data for samples with sufficient organic material to permit more analyses including quantity of lipid material, and values of average odd-even carbon predominance (OEP) are provided in Table 2 . Carbon isotopic values for the aromatic and asphaltic fractions of the sediment samples are also provided in Table 2 . A tabulation of the relative concentrations expressed as normalized weight percent of «-alkane by carbon number over the range that could be analyzed for the individual samples is presented in Table 3. Compositional analysis and  δC 13 PDB values for the methane component of the canned gas samples are provided in Table 4 along The average Odd-Even Predominance which was developed in this laboratory by Scalan and Smith (1970) is a mathematical expression of the predominance of odd and even carbon numbers as a function of carbon number for the «-alkane series. This value is computed according to the following equation:
As with Carbon Preference Index (CPI) of Bray and Evans (1961) , an OEP value greater than unity indicates an odd number predominance while a value less than unity indicates an even numbered predominance. With increasing depth of burial organic diagenesis generally increases and OEP and CPI values show less of this preference and approach unity. Most crude oils have an OEP value close to unity. Erdman (1975a, b) recently has discussed some of the factors affecting organic diagenesis and the use of OEP as an index for the genesis of petroleum.
RESULTS AND DISCUSSION

Cape Basin
Site 360 is located midway down the continental rise south of the Cape of Good Hope. Based on seismic profiling the site was chosen to penetrate a representative Tertiary section. A single hole was drilled to 840 meters subbottom depth, which penetrated a section predominantly consisting of biogenic oozes, chalks, and marly chalks. Coring commenced at 80 meters subbottom in unconsolidated beds of lower Pliocene age. Except for a possible hiatus in the upper Oligocene, the stratigraphic section is considered to be continuous to total depth in beds of lower Eocene age.
As shown in Table 1 , the representative samples from each major lithologic sequence are low in content of organic carbon and generally high in percent of carbonate. The percent of soluble carbon (lipid) is usually less than 0.004. The isotopic value of the total organic carbon extract is typical of that expected in an open marine environment.
Site 361 was chosen in order to take advantage of an erosional unconformity and to core a section equivalent to the one which underlies the Tertiary sediments at Site 360. A single hole was drilled to 1314 meters subbottom depth. As a result, the cumulative cores from these two sites represent a nearly continuous section over 2000 meters thick with an overlap of only about 100 meters. Drilling at Site 361 penetrated sediments ranging in age from upper Eocene down into beds of the lowermost Aptian or uppermost Barremian Stages of Lower Cretaceous age.
Much of the Lower Cretaceous consists of mudstones, sandy mudstones, and shale that is relatively high in organic content-partly because of the introduction and preservation of terrigenous material. During late Cretaceous and Eocene time biogenic matter and clays were about equal in abundance, producing marly chalks. By the end of the Eocene, however, the terrigenous supply greatly diminished and all younger sediments became pelagic (nanno chalk oozes). The relationship of carbonate carbon versus organic carbon with age is reflected in the values listed in Table 1 . The organic carbon content reaches a maximum in the early Cretaceous, averaging about 3%, with the amount of soluble carbon ranging from 0.0012% to 0.1960%.
As described in the Site Report, the first appearance of gas at Site 361 was noted in Core 28 which was cut from strata of Lower Cretaceous age at a subsea depth beginning at 1000.5 meters. Gas, which caused faint to mild effervescence appeared in every core recovered in the subsequent 314-meter interval. The presence of an ethane component resulted in methane/ethane ratios between 250 and 600 but with no depth trend.
Using the shore-based chromatograph described above, small quantities of propane were found in the gas, and both n-butane and i-butane were detected in the deepest sample. These latter two components, however, occur in disproportionate amounts of 0.001 and 0.0007 weight percent, respectively. This suggests an early stage in hydrocarbon genesis, since the ratio of n-butane to i-butane is less than unity in crude oil.
Carbon isotopic composition for the methane ranges between -66.1 and -55.2 (PDB scale), with no clear trend developing over the interval containing the gas. These values suggest a petroleum gas in the early stage of development that is unlikely to be associated with liquid petroleum. Such light isotopic values for methane are sometimes attributed to bacterial origin (Rosenfeld and Silverman, 1959) . Marsh gas, for example, usually has an isotopic value of less than -55 (more negative) while "wet" gas is heavier (more positive) than -50 and often between -30 and -40. Nonetheless, a theoretical study of the chemical kinetic effects on carbon isotopic compositions by Smith et al. Phillipi (1956) . However, the OEP value indicates that organic diagenesis has not proceeded very far in this interval. The OEP values listed in the last column of Table 2 indicate that the lipid (oil) fraction has a marked odd number carbon predominance that also is evident from the n-alkane plot shown in Figure 4 . Moreover, the low amount of lipids relative to kerogen content further suggests an early stage of genesis. In sediments protected from molecular oxygen, the ratio of lipids to total organic matter should increase with age and depth of burial as reactions during the genesis of petroleum progress (Erdman, 1975b) . The carbon isotopic values of the lipid fractions reflect the influx of terrigenous material into a marine environment during Lower Cretaceous time.
Walvis Ridge
Sites 362, 362A, and 363 are located on the Abutment Plateau segment of the Walvis Ridge where it joins the continental margin of southwest Africa. The prominent submarine ridge separates the Cape and Angola basins. Drilling was terminated at a subsea depth of 806 meters at Site 362 and 1081 meters at the offset Hole 362A. The section penetrated at Holes 362 and 362A is continuous in age from Holocene to lower Eocene. It consists of biogenic oozes, both siliceous and calcareous, chalk, marly chalk, and limestone.
A continuous gassy section was penetrated in beds of diatomaceous nanno ooze of Pleistocene and midMiocene age which lie between the sediment-water interface and a depth of 464 meters. The gas consists primarily of methane, generally less than 4 weight percent carbon dioxide, and hydrogen sulfide estimated to occur in proportions of about 25 ppm. The isotopic composition of carbon in the methane is less than -70, which is typical of a gas derived from biogenic or a very early stage of abiogenic genesis. Organic carbon averages about 2.5% through beds of nannofossil ooze, but decreases sharply to about 0.5% or less in the underlying chalk. Isotopic composition of the lipid extract is typical of that deposited in openmarine environment with little or no contribution from a terrestrial source.
ON
Site 363 was selected to permit sampling in a single hole of stratigraphic overlap with Holes 362 and 362A, and a continuation into beds of Lower Cretaceous age. The hole was terminated at a subsea depth of 715 meters because of bit problems. The section recovered extends in age from upper Miocene to lower Aptian, with two prominent erosional gaps-one between the Recent and upper Miocene, the other between Coniacian and the uppermost Albian. The younger beds primarily consist of biogenic oozes, and in descending order, chalks, marl, and limestone. The beds of Albian age are largely calcareous, but characterized by intercalations of dark shaly to nearly sapropelic layers. The lowermost beds of Aptian age consist of shallow water limestone interlayered with calcarenites.
Only representative beds of Cretaceous age were sampled at Site 363. Although the argillaceous parts of the generally calcareous section were too low in organic content to permit full characterization of carbon, the isotopic composition of the total carbon extract falls within the range expected of an open-marine environment. 
Angola Basin
Sites 364 and 365 were drilled in the Angola Basin to subbottom depths of 1086 and 687 meters, respectively. Sediments penetrated at Site 364 ranged in age from upper Eocene down through 727 meters of Cretaceous ending in beds of Aptian age. This section began in calcareous mud and clay, and was drilled down through marly nanno ooze, pelagic clay, nanno chalk, and marly chalk of Upper Cretaceous age and into intercalated mudstones, dark sapropelic appearing shale, marly limestone, and dolomite of Lower Cretaceous age.
Site 365 was selected as a last attempt to sample the lowest Cretaceous beds by lowering the drill string into a submarine cleft. The beds penetrated, however, are believed by some paleontologists to be of Miocene age with only reworked sediments of Cretaceous age. In order to maximize the rate of penetration, only seven cores were recovered. These largely consist of mudstone and nearly sapropelic layers similar to those of the Lower Cretaceous section recovered at Site 364.
Most of the cores that were recovered at Site 364 were analyzed for carbonate carbon versus organic carbon. Reducing conditions appear to have persisted through Aptian time and, unlike the Cape Basin, recurred in late Albian and again in Santonian time.
The organic content, however, is significantly higher in the Lower Cretaceous sediments. As with the Aptian carbonaceous beds at Site 361 in the Cape Basin, many of the samples from Lower Cretaceous beds contain sufficient organic material to qualify as source beds of petroleum. Although the OEP values indicate that organic diagenesis is in an early stage, a shift from heavy hydrocarbons to lighter components with depth suggests that genesis is proceeding slowly with depth. The carbon isotopic values of the lipid fraction suggest that there has been a sporadic introduction of terrigenous material to this part of the Angola Basin during Aptian and lower Albian time.
Carbon analyses also were performed on 10 samples of organic-rich sediments of Cretaceous age from Site 356 which was drilled off the continental rise of South America in the Sao Paulo Plateau during Leg 39. Two of these contained sufficient amount of organic material to permit geochemical characterization of the lipid fraction. These samples were found to be remarkably similar to those recovered at Site 364, in lipid content, degree of genesis, and isotopic composition.
SUMMARY AND CONCLUSIONS
Petroleum genesis is evident at a depth of about 1000 meters in the Lower Cretaceous strata penetrated at sites in both the Cape and Angola basins. The first products of this thermal diagenesis include gas which consists primarily of isotopically light methane with an ethane component and small quantities of higher homologs. Moreover, the carbonaceous beds in both areas contain in situ lipid (oil) which can be distinguished and treated as saturates, aromatics, and asphaltics. Samples of time-lithologic equivalents that were recovered from Site 356 on the Sao Paulo Plateau during Leg 39 also were analyzed and found to be geochemically similar. Isotopic compositions of carbon from Lower Cretaceous beds both in the Cape and Angola basins indicate a marine environment that received a significant contribution of terrigenous carbon. During that time these environments were either located near the ancient strand line or could be reached by turbidity flows. In contrast there was little influx of land-derived material to these areas after the Lower Cretaceous; Tertiary sedimentation was largely pelagic. Nevertheless, reducing conditions appear to have ceased in Cape Basin by the end of Aptian time, while they persisted into Santonian time north of the Walvis Ridge. Altogether these findings suggest that lithologic equivalents of the Lower Cretaceous sediments cored at Sites 361 and 364 which are known to thicken and became more deeply buried toward the present continental shelf of southwest Africa in both basins (Emery et al., 1975) may have been preserved at sufficient depth to have generated significant quantities of oil.
